INTRODUCTION
Recent interest in dynamics of semiconductor lasers with optical feedback is explained by the potential use of such devices for hidden data transmission by chaotic synchronization [1] [2] [3] [4] . Without feedback, the injection semiconductor laser with continuous pump generates continuous-wave constant-power radiation. To reach chaotic modulation of the output radiation, some external actions on the laser are required, e.g., pump-current modulation, injection of an external optical signal, or feedback introduction.
From a practical viewpoint, the optical feedback ensured by an external return mirror is one of the simplest methods for obtaining broadband chaotic oscillations in a semiconductor laser (Fig. 1) . Even weak feedback leads to the appearance of complicated chaotic regimes according to [5] [6] [7] . The case of coherent optical feedback, which corresponds to the situation where the feedback-loop length is shorter than the laser-radiation coherence length, has been studied in great detail. In this case, the phase difference between the field inside the laser resonator and the feedback signal is constant and these fields are coherently added (interfere), which leads to the instability of stationary lasing and the appearance of nonstationary regimes, including dynamical chaos. The dynamics of an injection semiconductor laser with weak coherent optical feedback, which is single-mode with respect to the longitudinal index, has comprehensively been studied, both experimentally and theoretically. Both dynamical-chaos regimes and the parameter regions in which such regimes exist, as well as the scenarios of passing to them, are studied in detail [8] . The above-mentioned dynamics is adequately described by the well-known Lang-Kobayashi model [9] , which is a system of two ordinary differential equations for the slowly varying complex amplitude E(t) of the laser-mode electromagnetic field and the number density (population difference) F (t) of the nonequilibrium carriers. Within the framework of this model, feedback is assumed weak, which enables us to confine ourselves to allowance for only one reflection from the external mirror and add the term E(t − τ ) with the time delay to the field equation.
The opposite case of incoherent feedback is also of interest. Incoherent feedback naturally appears when the feedback-loop length becomes longer than the laser-radiation coherence length or can be specially created by rotating the optical-polarization plane in the feedback loop so that it becomes orthogonal to the field polarization inside the laser. In both cases, the fields are added incoherently and their phase difference does not influence their interaction which occurs only via the joint saturation of the active medium.
Out of the two above-mentioned cases of incoherent feedback, only one case of the polarization-plane rotation in the feedback loop is studied in [10] [11] [12] [13] [14] . The model which adequately describes the experimentally observed dynamics of the semiconductor laser with such incoherent feedback is studied in [11] . The model consists of an equation for the amplitude of the field inside the laser resonator and an equation for the carrier number density. In contrast to the Lang-Kobayashi model, such a feedback affects only the population difference, while the field equation lacks the term with time delay.
The model proposed in [11] is inapplicable in the case of incoherent feedback without the polarizationplane rotation where the feedback-loop length exceeds the laser-radiation coherence length. In this case, the field inside the laser and the delayed field, which returns to the resonator after reflection from the external field, cannot interfere since the phase difference between these fields is not constant and randomly varies in time. The laser model with such an incoherent-feedback version has not been proposed until now. To correctly describe the considered situation, the modified Lang-Kobayashi model in which the feedback-field phase is a random quantity is proposed and studied in this work.
THE MODEL
In the dimensionless variables introduced in [15] , the proposed model can be represented as follows:
where E(t) is the slowly varying complex amplitude of the laser-mode electric field, F (t) is the number density (inverse difference of the populations) of the nonequilibrium carriers, α is the line-width broadening factor (Henryα-factor), η are τ are, respectively, the feedback coefficient and the feedback-loop travel time, i.e., the time of propagation from the laser-crystal output to the external return mirror and back, and Ω is the optical frequency of the laser without feedback. Time t is normalized to the photon lifetime τ p in the resonator, and T = τ s /τ p , where τ s is the nonequilibrium-carrier lifetime. The pump parameter P = J/J th − 1, where J and J th are the pump current and its threshold value for the laser without feedback, respectively. It should be noted that feedback, returning the output-radiation part back to the laser resonator, leads to an increase in the field amplitude and, therefore, a decrease in the lasing threshold. Thus, effective excess of the lasing threshold depends not only on the pump parameter, but also on the feedback coefficient and can be estimated as P + η for |P | 1 and η 1. The random quantity ϕ r is uniformly distributed in the segment from 0 to 2π. For incoherent feedback, it simulates the random phase difference between the field inside the laser and the field returning to the laser after traveling over the feedback loop. In the opposite case where ϕ r ≡ 0, the feedback is entirely coherent and model (1) coincides with the Lang-Kobayashi equations.
NUMERICAL SIMULATION RESULTS
To compare the system behavior for coherent and incoherent feedback, the system of equations (1) was numerically integrated by the fourth-order Runge-Kutta method adapted for solving the equations with
